ABSTRACT -In the following paper, we present the main results of our now completed studies of the Varna I cemetery, based on the excavations undertaken by Ivan Ivanov in the years [1972][1973][1974][1975][1976][1977][1978][1979][1980][1981][1982][1983][1984][1985][1986][1987][1988][1989][1990][1991]
Introduction
To begin, we would like to mention that a longer paper with a more complete presentation of the applied methods and investigations as well as the complete master-database has been submitted for publication to the Eurasia-Department of the German Archaeological Institute 1 , whereby the additional data obtained and the results will be printed in combination with a complete catalogue of all the excavated Varna graves. While awaiting this later publication of the cemetery, we are extremely grateful to Mihael Budja and his editorial team for the chance to present and discuss some of our most important results already here. We chose to focus on the internal chronological development of the burial site. To this end, in the following, we describe the two main chronological components of the Varna cemetery, namely -first -the archaeological contents and statistical properties of the correspondence analysis (CA), and -second -the absolute age-calibration of the CA, which is now based on a large number of radiocarbon dates (filtered: N = 38; unfiltered: N = 78). All other aspects, such as the role of gender and age, social inequality as well as kinship, have been dealt with previously. Hence, in the present context, these facts will be considered to some limited extent only. The focus here is on aspects which we consider relevant to the chronology of the burial ground.
Overview of the approach taken
In brief, our approach will be as follows. By including the graves of the Varna II cemetery in the CAanalysis of Varna I, we create clear evidence for the chronological validity of the CA. With the application of social network analysis (SNA), we undertake studies that are focused on unravelling the strongly coherent network between the graves, a circumstance that demonstrates the profound community character of the Varna cemetery. The SNA is of particular use in understanding the unique position of Grave 43 on the CA-curve. Essentially, its position is due to the many close connections with the similarly furnished Graves 1, 3, 4, 15, and 97, all of which date to the younger end of the CA. In parallel to some few conservative elements that are operating next to the generally high degree of connection, Grave 43 displays a broad cross-section of the grave goods found in funerary rituals. The specific proximity of Grave 43 to certain older graves is most likely social-(Mannheim) has developed a new typology of the gold objects based on the existing classification undertaken by Henrieta Todorova and Ivan Vajsov (2001) . For the stone tools and weapons, as well as for the ceramic vessels, we developed our own classification. Based on all the available information, as presently stored within the master-database, but which is even now being extended to enable stepwise publication of successive Varna volumes, a wide range of studies has been possible from fields such as artefact description, bi-and multivariate analysis of the find contexts; definition, visualisation and mapping of the different cemetery phases etc. In the present article, we put focus on the results of CA and SNA, and their implications for the relative chronology of the cemetery. We also note that, although an earlier published CA of all graves and attributes displayed a rather indifferent statistical distribution of the graves and their inventories (Krauß et al. 2014) , in the meantime we recognised that a determined and systematical data reduction (both in terms of graves and variables) allowed us to significantly enhance both the archaeological comprehensibility of the seriation, as well as the achieved temporal resolution. Before continuing, we comment briefly on some of the underlying (general) properties of the Varna cemetery as seen from the perspective of the present master-database.
One of the main factors influencing the database is the highly unequal distribution of the objects among the graves. For example, when examining only gold objects, already one third of all finds originate from the particularly richly furnished Grave 43, and a further third are divided between the rich symbolic graves and deposits 1, 4, 36, 41, and 63a . In addition to the gold objects, stone beads and jewellery made from mussel and snail shells are also extremely unevenly distributed among the graves. What complicates matters, if only from the chronological perspective, is that such differences in furnishing primarily reflect social aspects, whereby such ritual practices contribute little to the targeted chronological order of the graves. On these grounds, when approaching the chronological dimension, we found it useful to work with a carefully binarised data set, which uses only presence-absence relationships. Note that this applies only to the multivariate statistical analyses, not to the contents of the master database itself. With this approach, but as we learnt only after many experiments, even applying a limited amount of data filtering was sufficient to achieve the targeted 'ideal' shape for the CA, in which the factor-scores for the database-rows (graves, symbolic burials, deposits) and for the columns (attributes) are arranged along a parabola-shaped regression curve ( Fig. 1 and Tab. 1). During the experiments that finally led us to establish this (altogether quite satisfactory) result, filtering was executed manually by implementing archaeological considerations with respect to the significance of the individual grave goods under study 2 . Looking critically at the achieved CA, we note that the applied manual optimisation method of 'selective sampling without later replacement' may have introduced some unrequested bias (towards certain grave goods, and away from others), but which was unavoidable due to the huge amount of possible permutations. In this respect, the CA results may be improved in the future by applying some kind of automated outlier analysis. For the moment, we are satisfied that the CA achieved thus far is a step forward in comparison to our initial seriation attempts (Krauß et al. 2014) .
The next (immediately following) question is now, of course, which end of the CA represents the earliest burials and which are the latest? Assuredly, the wrong way to answer this question is to look at the available 14 C-dates, but this may not be immediately obvious to all readers. We will return to this question below. As a perhaps more viable alternative, we have applied an easy-to-install archaeological method, which is to include in the CA the three graves from Varna II, which count as the predecessors of Varna I (Ivanov 1978) , and have a quick look at which end of factor 1 the corresponding CA-scores come to lie (Fig. 2) . Naturally, the results remain to be independently confirmed. Most striking are the numerous grave goods from Grave 3 (Varna II 3), which, in addition to pottery, contains vessels, stone tools and an antler pick, various items of jewellery from various minerals, spondylus, and dentalium, as well as metal objects, namely a copper armlet, a copper finger ring, and 31 beads of convoluted gold plate. The pottery vessels from Varna II are clearly typologically earlier than those from Varna I. A single carbon date from a red deer tooth from Grave 1 (Varna II 1) independently confirms this (OxA-X-2414-52: 5934±33 BP). Within the CA, Graves 1 and 3 from Varna II lie close to each other at the same end of the curve. On the basis of their inventory, they can be placed in Phase IV of the Hamangia and Sava culture. But what does it mean that the two graves can be included in the CA of Varna I? The link results mainly from the copper and spondylus jewellery, as well as an antler hoe and the stone adzes, hence grave goods which mostly disappear in the later phases of Varna I. They do not, however, give any information about the real age of these finds, but merely confirm that the CA begins at this end with the earliest graves. On account of its scanty burial goods, Grave 2 from Varna II anyway could only be passively included in the CA, and hence it remains meaningless regarding questions of chronology. Mo- reover, the sequence obtained for the Varna I cemetery shows a sensible development of the ceramic vessel shapes (see below). Indeed, in the case of the specific stands and profiled pots, the development corresponds in detail to that known from tell settlements in the region.
The arrangement of the graves and their inventories shows a linear succession along the CA, which is most likely due to the equally linear sequence of the graves themselves. A bipolar interpretation of the grave succession, for example male-female, is equally unlikely and can actually be excluded altogether, due to the known CA location of many of the anthropologically determined burials. Similarly, the different anthropologically determined age groups are also spread quite evenly over the CA. Furthermore, if the CA shape were mainly due to social differences (e.g., quality or choice of the burial goods), then we would expect the observed linear structure only under the condition that the differences between the poorest and richest burials were similarly graduated. In this case, the richest graves would have been grouped in one part of the CA curve and the poor ones in an opposite part, with the area in between showing a tendency from 'rich' to 'poor'. But such bi-polar distinction is clearly not the case: even if one end of the CA does indeed show some exceptionally rich tombs, especially many symbolic tombs, the rich graves occur in all sections of the CA, and the poorer graves are also spread relatively evenly over the curve. A potential CA-bias due to family relationships is also ruled out, since what we observe is a continuous spread of the graves and their inven-tories, and this is unlikely to have been caused by family structures, at least not over the entire course of the CA. On the other hand, given the total duration of the cemetery of some 250 years, as already indicated by the 14 C-dates prior to any kind of chronological conditioning, it would be anachronistic to assume no internal development of funeral rituals or grave artefacts. It is precisely this long development that can be perceived as representing a linear trend and which, in addition, shows neither a decisive interruption, nor any other kind of discontinuity for that matter. Of course, it is to be expected that existing kinship and other social relations are somewhere reflected in the CA. These relations alone, however, are not sufficient to substantiate the specific position of any of the graves within the CA. The grave position is instead due to the wider and much more elaborate sum of all its relations with all the other graves (see below), and this total relation will naturally be much stronger for burials that are closer together in time than those far apart. Taking all these arguments together, we may finally expect all existing gender, kinship and other social relations to merge together and be henceforth visible, although not separately, and indeed only under statistical conditions; but in combination they represent the most important CA factor, which is calendric time.
To evaluate the CA curve shape as a chronological sequence, two different methods are available, which may also be called different perspectives: one is to analyse the sequence of individual (one-by-one) find contexts according to their position on CA factor 1; the other is to define a number of discrete sections on the parabola into which the find contexts can then be grouped. This second method is better suited to describing the overall development of forms within the burial ground, since the subdivision of the parabola into discrete sections enables a comparison of conceived phases. In addition, it is easier to visualise existing gaps and discontinuities between the (2-D) grave clusters on the CA-parabola itself, not by their (1-D) projection onto factor 1. In comparison, any existing differences in rank order are better visualised in (1-D) barcode plots. We show the existence of major differences between the two methods in Figure 1 , where the upper barcode graph (named 'Projection') presents the clearly discrete CA clusters as they appear in their arrangement along the parabola, while the lower barcode graph (named 'Factor 1') displays only their partly overlapping order according to the factor 1 projection (Tab. 1). Finally, in order to describe the beginning, middle, and end of any chronological development, it may seem natural simply to choose the corresponding tripartite division. Instead, we decided upon a division into six phases, whereby it is possible to uniquely identify graves which are transitional between the three parts and to achieve a higher resolution for further observations. Based on the radiocarbon analysis, to be described below, we may assume a total duration of Varna I in the order of 250 years, so the average phase duration amounts to 42 years. Although the respective CA positions and lengths of the six phases proposed here follow to some extent naturally from the course of the CA parabola, due to given variations in the density and clustering properties of the CA, the chosen six-fold subdivision nevertheless results in a somewhat uneven distribution of the graves in terms of their targeted uniform assignation to the beginning, middle and end of the cemetery. This could indeed reflect the actual chronological dynamics of the burial sequence. As shown in the bar chart in the upper left of Figure 1 , the number of graves assigned to each of the six phases varies between 14 and 44.
Topographic development of the graves and burial rites
As a result of the chronological arrangement of the graves that is now available thanks to the CA application, we are immediately provided with some very welcome insights into the topographic (on-site) development of the burial sequence. As can be taken from Figure 3 , the burials show a clear tendency to spread over time from the northwest to the southeast parts of the cemetery, in other words from higher to lower ground, and always in towards the bank of Lake Varna. This general trend can also be seen in the sequence of the CA phases' geographic centers (bottom right of Figure 3 ), which leads us to the interpretation that the first burials were situated in the northwest. Then, during the extensive use of the burial ground, the burials spread widely over the entire space, but mainly in direction of the Lake. This is most evident in the large whiskers of phases 3-5 in Figure 3 . At the end period of the necropolis, a line of very richly furnished symbolic graves and deposits appears that are most clearly distinguishable in the southwest part of the cemetery, and which simultaneously characterise the end of its occupation. Beyond this, as with the centre of the cemetery, there is a slight scattering of graves with no clear topographic tendency. Furthermore, for a number of burials in both the northern area and southern part, no exact sequence from young to old (or vice versa) can be discerned. This topographic structure of the cemetery would have been even more pronounced if we had included in the phase mapping the many graves which were removed from the CA as outliers due to their scanty burial goods.
These specific inventories were deposited in the ground in a number of rituals over a possibly longer time span, but in each case -due to their quite unusual quality -we can clearly identify the demarcation line between the living and the dead. The three symbolic Graves, 2, 3 and 15, each contain depictions of a human head. These depositions mark a prominent section along the line of graves, which itself appears to represent an entrance to the burial ground. As shown by computer tomography (Slavchev et al. 2016) , there is no evidence for 'mask graves' (as was previously assumed). What we instead see in these graves are round plastic figures crushed by the pressure of earth ( Fig. 4.1) . A parallel might be found in the head that was salvaged from the dredging of Lake Varna at Ezerovo-Arsenala ( Fig. 4 .2). What we can now safely reconstruct as a component of the Varna Group is the existence of roughly half life-size figures with clay heads, which were deposited in this section precisely when this burial site fell into disuse.
When one examines the development of grave types within the six phases, a tendency is evident which, despite the meagreness of only 122 identified graves in the CA, harmonises very well with the general historical development of burial customs in the KGK VI Complex, and in particular within the so-called Varna group (cf. Lichter 2001.129-132) . At the beginning of the graveyard, crouched burials outnumber supine burials at a ratio of two-to-one, and there are very few symbolic burials (Fig. 5) . But already by the second phase, supine burials very clearly dominate, while the rate of crouched burials consistently and continually declines throughout the development of the burial ground. This picture becomes more intelligible with recourse to the burial ground at Durankulak, the advent of which is primarily dominated by supine burials which are seen as a borrowing from the earlier traditions of the Hamangia Culture (Todorova 2002.41-46) . In Varna I, it seems that, following an early phase with roughly only a third of burials supine, by the second phase this burial custom becomes generally established. In contrast, the crouched position, with the face turned to the right, is pushed back. An increase in symbolic graves is even more significantly displayed in the statistics of the burial customs. In combination, these tendencies provide reasons to conclude that parallel with the development of the site into an area for promi- nent burials, the rituals occurring around the burials also gained strongly in importance.
Especially instructive for the chronological validity of the CA are the copper tools. The first heavy copper tool to appear is the hammer axe of the Plo≠nik type, which goes on to endure throughout all phases thereafter. Tellingly, this is one of the typologically oldest forms, since it has a large body reminiscent of its stone predecessors (cf. Vulpe 1975.20; Govedarica 2001.153; Diaconescu 2014) . Thereafter in the CA, and more or less consecutively, the various awls, the hammer axes of the Devnja A and Varna types, and then the hammer axes of the Vidra B, Devnja B and Vidra A types appear (Fig. 6) . The end of the sequence is also well established in terms of the copper tools, namely by the occurrence of a hammer axe of Vidra C type and chisels of the Varna A and B variants. In total, the typological spectrum of copper tools and weapons becomes increasingly diverse and technically refined. Starting with modest awls and simple axes , the development in the burial ground of Varna I becomes ever more complex, until even partially hybrid forms of weapons and tools become tangible . At the end of this process, in symbolic Grave 4, we find a elegantly curved axe along with a singular pickaxe (Fig.  12. 82), as a metallic realisation of an antler pick (Krauß et al. 2014.383, Fig. 10 ).
The substitution of stone weapons and tools with copper examples can also be seen in the flint artefacts. Generally, the proportion of flint tools declines over the course of the development of Varna I, with the interesting exception of so-called superblades (Manolakakis 2005.273-275; Gurova 2013.387- 
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), but to which we must ascribe some very different functions and meanings: not only do their numbers increase over the course of the development, but superblades are often associated with gold jewellery and heavy copper tools. Focusing on the polished stone tools, it is the adzes originating from the Neolithic tradition which dominate at the beginning. From the middle of the development until its end, what we observe as characteristic are the many finely shaped stone axes, some of which are so delicately worked that it might be surmised they are the symbolic realisations of copper axes.
Also illuminating is the development of items of jewellery made of gold, copper, dentalium and spondylus. At the beginning of the CA, objects fashioned from spondylus and jewellery created from copper predominate. More interesting, however, is the fact that, with the first appearance of gold objects, copper is used increasingly for tools, but no longer for jewellery . Here, a development may be traced which begins with natural materials (spondylus, stone, antler) and further continues with copper as a raw material, before copper itself is replaced by gold in metal jewellery. Copper jewellery occurs only in the early phases, 1 to 3, and thereafter disappears almost entirely. The only copper adornments from the later phases which still appear are pins with rolled-up heads, and double-spiral-headed pins. Interestingly, and quite unlike other copper jewellery, these pins are always associated with gold. They call to mind some double-spiral-headed pins deriving from burnt houses in Pietrele in trenches B and F (Hansen et al. 2009.56-60) . The relevant contexts are dated to 4430-4280 cal BC and 4410-4260 cal BC, respectively (Hansen et al. 2010 . Fig. 2 ). As will be shown below, both these dates correspond to the end of the CA, in which the double-spiral-head pins also occur in Varna I.
From a chronological perspective, the most convincing development which reveals itself in the CA is that of ceramics, which corresponds entirely (cum grano salis) with the stratigraphic sequences known from the tell settlements of the KGK VI Complex 3 . This having been stated, we can focus on some difficulties that are evident in the development of certain forms that do not appear in the settlements. Presumably, these ceramic forms were either deliberately (and additionally) produced for funerary use, or they were restricted solely to the distribution region of the Varna Group, where they have comparisons with developments at the burial ground of Durankulak, as well as with the burial group at Varna II. Specific comparisons are the ceramic stands which appear in the CA in a development sequence comparable to that of Durankulak (Todorova 2002.86-114) . The four-cornered stands of the early phases of Durankulak (Hamangia IV and Varna Group I) are present only at Varna II (Fig. 13) . At Varna I, the development begins with such stands, still with very short points on the rim and the routine incised adornment. From these developed the remaining types over time with their increasingly swollen bodies and increasingly long points, and finally at the very end, ornate examples painted in multiple rows with graphite ornamentation appear. With respect to the vessel inventory from the tell settlements, the Varna vessels, which clearly stand in a Boian tradition, catch the eye at the beginning of the development, including profiled pots, Todorovas 'Steckdosen', spherical-biconic pots, and carinated bowls. Thereafter, classic KGK VI forms follow over the entire development of Varna I. At the end are found bowls with rolled-up or flattened rims, scratch adorned, or graphite painted lids, and fine multi-component pots i.e. the entirety of forms which also occur in the tell settlements at the end of their development. Regarding the wellknown graphite painting, in general terms this element can be regarded as a constant at Varna I. Already with the Karanovo V chronological phase (Marica Culture), this painting technique was established throughout the entire eastern Balkan region. As in the case of the burial ground at Varna I, it appears we record only a section in the middle of the development of graphite painting, and which might similarly be evidenced in many vessels of the so-called Transitional Phase from the Copper to Early Bronze Age.
Network analysis
The analytical potential of SNA based on archaeological data has been repeatedly demonstrated (cf. Sosna et al. 2012; Collar et al. 2015) and therefore requires only minimal introduction. Based on the statistical analysis of relationships between different actors, the fundamental concept of SNA is to reveal the underlying socio-structural aspects and social patterns. Applied to the Varna I dataset, the find contexts can be understood as actors, which in the network analysis are represented as nodes, through which the different grave goods (or other characteristics in the grave furnishing) are inter-related (Serdült 2002.127) . The further analytical premise is that, not only does the exclusivity of individual grave goods or the diversity of grave good inventories depict important social markers, but also that some meaning may be assigned to the individual relationships. Grave 43, for example, evidences a quite unusually large number of connections to other graves, many of which are dispersed over the entire area (Fig. 14) . It is hardly surprising, then, that this grave is also closely connected to the immediately neighbouring symbolic Graves 1, 2, 3, 4, and 15. The closest connection, however, is to feature 97, which is spatially located in the western area of the burial ground. What SNA also uncovers is a particular proximity between Grave 43 and the features 283 and 290 in the north-eastern part of the graveyard.
The application of SNA now allows us to further unravel the complex reasons why Grave 43 takes on its specific position on the CA curve. Essentially, the position of Grave 43 is due to its many close connections with the similar furnishing characteristics of Graves 1, 3, 4, 15, and 97, all of which date to the younger end of the CA. Nevertheless, there are a small number of features in Grave 43 which are also characteristic of the beginning of the CA. Through these few conservative elements, if only next to the generally high degree of connection, Grave 43 displays a relatively broad cross-section of the grave goods that are found in the funerary rituals. This is a specific property that Grave 43 has in common with the large majority of over-furnished graves. With the application of SNA, not only does the marked interconnection of Grave 43 within the complete relationship network of the Varna cemetery funerary rituals become clearer, but this presumably partly also explains why Chapman et al. developed a 14 Cbased chronology for the Varna cemetery which runs backwards in time (Chapman et al. 2006; Higham et al. 2007; 2008 ). An additional explanation for this major dating bias may also be due to the independent but chance combination of two major distorting effects: (1) an unduly smoothed construction of the calibration curve for ages around 4380 cal BC, and (2) the human 'old-age' 14 C-residence effect for Grave 43 itself (see below).
Modelling of the radiocarbon dates
In order to establish a CA-based 14 C-chronology for the Varna I cemetery, we have at our disposal a total of 74 radiocarbon ages for archaeological contexts from the Copper Age (Mathieson et al. 2017; Krauß et al. 2014. Tab. 2; Higham et al. 2017 .Tab. 1; in print) (Tab. 2). Two additional dates (Poz-71453; OxA-19872) belong to Bronze Age burials at the site. Another two dates (MAMS-15093; MAMS-15094) were processed on dentalium shells from symbolic graves, but are not further analysed here due to their clear reservoir effects. In the following, we describe the chronological results achieved by applying the 'Gaussian Monte Carlo Wiggle Matching' (GMCWM) method, which is integrated in the 14 C-age calibration software CalPal (Cologne Radiocarbon Calibration and Palaeoclimate Research Package). The present analysis is based on the internationally recommended 14 C-age calibration curve INTCAL 13 (Reimer et al. 2013) . Following the often lengthy GMCWM run-times, which typically require some 6-10 hours, the final quality control is performed by visual inspection of the calculated 'bestfit' position of the Varna data sequence, in comparison -not with the calibration curve itself -but with the raw data of the 14 C-AMS laboratories that participated in the construction of INTCAL13. We regularly use this procedure, since it helps in recognising the potentially disturbing impact of remaining weaknesses in the shape of the calibration curve due to variations in data density, for example, or other kinds of statistical unevenness (e.g., over-smoothing of wiggles).
The applied GaussWM procedure is based on an extension of the now classical wiggle-matching method (Pearson 1986) , whereby the archaeological sample sequence is fitted to the calibration curve by minimising the summed distances between the 14 C-ages, as measured on the samples, and corresponding values of the calibration curve, as measured on dendrodated wood samples of potentially the same calendar age. In the present application, the archaeological sequence is based on a uniform-phase model such that, depending on which grave was dated, the corresponding 14 C-age is assigned to one of the six different CA-phases. In modelling, each phase is then assigned an equal calendric time-span, whereby the phase-internal position of each 14 C-age is chosen according to the CA-order (rank along the regression curve). During run-time, the time-span assigned to each phase is stepwise expanded; this is aimed at finding the statistically best-fitting overall time-span. Finally, also during run-time, we quantitatively account for cal-scale errors (σ cal ) in the CA-position of each dated grave, as well as for possible interlaboratory offsets (σ BP ) on the 14 C-scale, by applying Gaussian variability of σ cal = ± 10 [a] and σ BP = ± 10 [BP] to these parameters. The hypothetical re-measurement of each archaeological 14 C-age is allowed by applying Gaussian variability to the measured 14 C-ages based on given standard deviations.
Notably, in this study we have for the first time applied a data-fitting method known as 'non-central Chi-squared' data fitting, which is described in more detail in the Rogue Wave® Fortran Numerical Libraries (IMSL® Version 6). To be specific, in programming the χ 2 -methodology, we use the IMSL® CSNDF library with a (typical) choice of non-centrality variable λ = 5. The use of non-central χ 2 -statistics has proven useful not only for the Varna data, but quite generally for cases when the statistical relation between the 14 C-age calibration curve and the topological structure of the archaeological data is 'asymmetric'. This is best exemplified in the present study by the clearly artificial position of the 14 C-age on the elderly man (age > 60 yrs) from Grave 43 at a 14 C-value (~5700 BP) that is so high above the (presumably) itself strongly over-smoothed calibration curve that it may even appear to be a major outlier (cf. Fig. 15 ). In our view, such a large 14 Coffset for the burial in Grave 43 can be satisfactorily explained only if we assume an additive combination of (1) the existence of a presently undocumented wiggle in the tree-ring 14 C-age calibration curve at around 4380 ± 20 cal BC, and (2) an additional offset of some 30-50 BP for the senior citizen in Grave 43 due to the human 14 C-residence ('adult') effect (e.g., Geyh 2001; Hedges et al. 2007) .
Conspicuously, as can be taken from Figure 15, essentially two different (alternative) solutions exist for the task of deriving a statistically 'optimal' model-chronology for the CA-seriated Varna I data, which we describe as a 'long' (primary) and a 'shorter/older' (secondary) chronology. Ultimately, the existence of such multiple solutions to the task of finding a statistically 'optimal' wiggle-matching result, although seldom discussed in the relevant literature, is not at all unexpected. It is simply a consequence, for larger data sets, analogous to the well-known existence of multiple readings for single 14 Cages. As it transpired, both solutions are highly robust and producible (as should be the case for larger data sets). For the sake of interest in such 'quantisation properties' of archaeological radiocarbon data, we nevertheless tested the co-existence of these two solutions under a wide spectrum of different methods and conditions (e.g., non-central χ 2 with values 0<λ<20; different age-models; randomising and non-randomising sample order; systematic offsets between male and female etc.). Although a fair amount of unexplained variability exists, as it appears, both solutions actually do reflect the characteristic wiggle pattern of the calibration curve in combination with the given data. We finally adopted what can be termed the 'long' Varna I chronology (Fig. 16) , for which the analysis most often showed the better statistical values in respect to the two parameters under study serves repeating with different wording, namely: with the achieved age-calibration of the CA-scale, it is now possible to derive a calendric date for any requested grave (assuming it contains a certain minimal number of grave-goods), simply by looking up its CA position. If we now also generalise our understanding of the previously obtained age reversal, whereby a development from rich graves to poorer burials was postulated (Higham et al. 2007) , this is apparently due to the lack of numeric (metric) archaeological information in age-model construction. Whatever the true explanation, this chronology strongly opposes the cultural-historical reality. Only through the applied metric-scaled grave order (used in GMCWM) in contrast to the ordinal-scaled grave order (applied in Bayesian Sequencing), but even then only by applying additional cemetery-external dating knowledge to the CA-results, was it possible to identify the graves belonging to the beginning and end of the necropolis. This order is presumably confirmed by a new series of 14 C-dates with Lab-Codes OxA-23611 to OxA-23626, but which we could not yet include in the analysis.
(probability and precision). The specific advantage of using the non-central χ 2 -method (with, for example, λ = 5) was that, although the results were similar to those achieved by the standard χ 2 -method (i. e. λ = 0), the run-time necessary to achieve clearly convergent results was an order of magnitude shorter (1 hour instead of 8). Also noteworthy is that the chronological results are completely robust with respect to any chance random permutation of the established grave order, and also robust regarding the definition of what may or may not be extreme values. We also used random shuffle algorithms to check that the chronological boundaries of the different CA-phases (1-6) change only insignificantly when moving data between neighbouring phases.
Our main result, shown in Figure 16 , is not only that the cemetery begins at 4590 cal BC and ends at 4340 cal BC. In addition, by combining the radiocarbon ages with the results of correspondence analysis, we achieved a reasonably precise chronology (decadelscale errors) for each grave in the CA, whether it is directly 14 C-dated or not. This is important, and de- 8 hrs) , the 6-phase Varna age-model is stepwise linearly expanded, whereby for each step the best-fitting overall length of the sample sequence is calculated and stored. Typically, the expansion is run some 1-500 times ('repetitions'); in each case, the complete expansion is subdivided into 1-100 steps, and at each step the entire age-model is varied some 100-10 000 times. Upper Graph: following (in this case) some 600 000 re-modelling calculations (10 000 iterations*60 steps), two graphs are produced, one of which shows the (accumulated) probability as a function of the incremental expansion. The other shows the accumulated precision of best-fitting calendric ages (defined as 68%-width of the corresponding histogram). Middle Graph: when all runs are completed, an optimisation factor = probability/precision is defined, which represents (simultaneously) the maximum in probability and minimum in precision. The bimodal shape of Factor F, which can also be seen independently in probability and precision (cf. Upper Graph), is highly indicative of the existence of two quite distinct 'optimal' solutions (named Primary and Secondary). Both solutions have relatively high maximum Chisquared probabilities (typically 5-10%, depending on model details), but the Primary solution has the typically higher probability. Lower Graph: schematic comparison of the Primary (P) and Secondary (S) age-models, showing that -in addition to its typically higher probability -the P-model (4345-4590 cal BC) completely encompasses the S-model (4400-4520 cal BC).
To conclude, the derived time of around 250 years for the Varna I cemetery, when now compared with the overall sum of 270 (currently known) burials, provides us with a number of guidelines as to the role of the burial ground in the wider context of the KGK VI Complex. Even allowing for remaining unexcavated areas of the burial site, the annual frequency (~1 per year) of presently documented burials is clearly far too low, even if we assumed just a single settlement. To the same question, furthermore, the proportion of burials in comparison with the large number of symbolic burials indicates that a variety of individuals was buried at Varna I, quite possibly from different settlements. The striking importance of the northern littoral of Lake Varna for contemporary Chalcolithic societies is already elucidated in the existence of the Varna II burial group, and this is, of course, further demonstrated by the exceptional richness of Varna I. Also remarkable, however, is the appearance of the symbolic graves on the south-eastern edge of the burial ground, through which the site was finally sacralised. Nevertheless, the search for a settlement that corresponds to the necropolis on grounds of the demographic data and now largely clarified chronological depth may be less expedient than perhaps anticipated. Rather, we should perceive Varna I as a prominent burial site within a larger settlement area of the KGK VI Complex, and which certainly encompasses the known tell settlements in the hinterland of the western Black Sea Coast. 
